In this study we evaluate the biotic potential and reproductive parameters of Spodoptera cosmioides (Walker, 1858) under controlled conditions (25 ± 1 °C, 70 ± 10% RH and 14 hour photophase). Females, on average, (14.433 days) did not live significantly longer than their male counterparts (13.100 days). The mean durations of the pre-oviposition, oviposition and post-oviposition periods were 2.767, 10.600 and 1.067 days, respectively. The mean fecundity of females was 5,073.533 eggs and the mean fertility was 5,021.027 larvae. On average, females copulated 1.167 times. Fecundity was positively correlated with the number of copulations (r = 0.583, P <0.001). The number of copulations, however, was negatively correlated whit the duration of the pre-oviposition (r = -0.560, P = 0.007) and oviposition (r = -0.479, P = 0.048) periods, and overall longevity (r = -0.512, P = 0.031). The biotic potential was estimated at 6.547 x 10 21 individuals/female/year. The net reproductive rate (Ro) was 2,193.722 times per generation and the mean generation time (T) was 46.407 days. The intrinsic rate of increase (rm) was 0.166, with a finite rate of increase (λ) of 1.180, per week.
Introduction
The genus Spodoptera Guenée, 1852 (Lepidoptera: Noctuidae) or "armyworms" is one of the most important groups of owlet moth pests around the world. Spodoptera cosmioides (Walker, 1858) occurs from Panama to southern South America (Pogue, 2002) and was considered a synonym of S. latifascia (Walker, 1856) (Poole, 1989) until Silvain and Lalanne-Cassou (1997) .
Studies on the host-plant associations, temporal and spatial distribution, morphology, and biology of S. cosmioides have highlighted its importance as a pest of several crops, its low susceptibility to Bt protenis and to the entomopathogenic fungus Metarhizium rileyi (Farlow) Samson (e.g., Specht and Corseuil, 2002; Bavaresco et al., 2002 Bavaresco et al., , 2003 Bavaresco et al., , 2004 Specht et al., 2005; Zenker et al., 2007 Zenker et al., , 2010 Fronza et al., 2011; Bergamasco et al., 2013; Cabezas et al., 2013; Fronza et al., 2013; Bernardi et al., 2014; .
This study complements a previous publication on the immatures of S. cosmioides and is part of a project where the main species of armyworms are being studied under identical controlled conditions. These studies aim to compare the biology of these species, establish biological patterns and differences. Thus, in this work we compare the biological data of S. cosmioides with three species already studied in same conditions: S. albula (Walker, 1857) , S. eridania (Stoll, 1782) and S. dolichos (Fabricius, 1794) (Montezano et al., 2013a (Montezano et al., , b, 2014a (Montezano et al., , b, 2015 and other works about S. cosmioides (Santos et al., 1980; Habib et al., 1983; Bavaresco et al., 2002 Bavaresco et al., , 2003 Bavaresco et al., , 2004 Zenker et al., 2007; Cabezas et al., 2013) .
Material and Methods
The experiments were carried out in a climate-controlled room (25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase). Observations were carried out daily. The insects used in the experiment came from a first generation of caterpillars collected from Fevillea cordifolia Linn. (Cucurbitaceae) in the city of Planaltina, Federal District, Brazil (15°36'16.85"S; 47°43'06.57"W, 1020 m a.s.l) .
To avoid the effects of variations in the pupal weight on the reproductive characteristics of the adult (Tisdale and Sappington, 2001; , and also to standardize the procedure and avoid hurting the insects while their pupae was still soft, all pupae were weighed on the second day after metamorphosis, and only adult females from pupae weighing between 0.632 and 0.674g, and adult males from pupae weighing between 0.591 and 0.648 g, were used in the experiment. Likewise, to avoid the effects of the age of the adults on their capacity to copulate (Kehat and Gordon, 1975; Rogers and Marti Junior, 1994) , couples were formed with adults that emerged on the same date.
Adults were kept in pairs (n = 30) within cylindrical plastic containers (10 cm in diameter and 15 cm high) with long filter paper strips attached to stimulate oviposition. The tops of the containers were closed with plastic film and the bottoms were closed with Petri dishes (10.5 cm diameter) lined with filter paper. The adult diet was composed of honey (10g), sorbic acid (p.a. -Sigma-Aldrich) (1g), methylparaben (p.a. -Sigma-Aldrich) (1g), sucrose (p.a. Merck) (60g), and distilled water (1000 mL) (Hoffmann-Campo et al., 1985) . All components were dissolved in distilled water and the resulting solution was kept under refrigeration (7 °C) until it was used. Pilsen beer was added to the solution daily in the proportion of 1:4, beer/diet, and made available to the insects in a 5 cm Petri dish lined with cotton wool. Additionally, autoclaved water was provided in another 5 cm cotton-lined Petri dish. Containers were examined daily to record adult survival and to remove the eggs and to count their numbers. Dead females were dissected to determine the number of spermatophores they had received from males during copulation.
We count the realized fecundity (only eggs laid per female), fertility (number of hatched larvae per female) and longevity for females and males. The duration of the pre-oviposition, post-oviposition and oviposition periods were determined considering the pairing, in the day of adult emergence. To estimate fertility, we determined the viability of 87 egg masses (N = 9,563 eggs) taken from four mated couples, including the first and the last egg masses. Each egg cluster was placed in a Petri dish, which was lined with filter paper moistened with distilled water until larval eclosion. All evaluated egg masses were from females that had at least one spermatophore in the bursa copulatrix. The determination of the presence of spermatophores was made on dead females to confirm that they had been fertilized during the experiment.
All biological parameters were analyzed using descriptive statistics. The fecundity and longevity of both sexes and the duration of pre-oviposition, oviposition and post-oviposition periods were correlated (Pearson Product Moment Correlation) with the number of matings of each couple. Owing to the high correlation of the parameters with respect to the number of matings, only the overall averages of longevity were compared using the t-test assuming unequal variances, at a significance level of 5%. Between-couple comparisons of the pre-oviposition, oviposition, longevity and fecundity were performed using ANOVA, with the number of spermatophores as factors, and the means were separated by Tukey's test at 5% probability in SPSS program version 10.0.
After gathering the biological parameters, the Biotic Potential (BP) was calculated considering the resistance of the environment as being null. We used the equation described in Silveira Neto et al. (1976) , BP = (sr * d) n -er, where: (sr) sex ratio is number of females divided by number of females plus number of males; (d) viable individuals per female consisting of the number of eggs per female (or fecundity) multiplied by total survival; (n) number of generations per year or 365 days divided by the total lifespan; and (er) environmental resistance, in this case considered null.
The biotic potential and fertility life table were developed using data from the immature stages of S. cosmioides (survival and duration of eggs, larvae, prepupae and pupae) reared in accordance with the methodology of . The data on the table is graphically presented by plotting the probability of survival values at the midpoint of each time interval, (survival rate -lx), and the total number of eggs per female, per week, from which females hatched (specific fertility -mx).
The following parameters were calculated using the formulas in Silveira Neto et al., (1976) : net reproductive rate (Ro -ratio between the number of females in two successive generations); mean generation time (T -mean number of days from the birth of the parents to the birth of offspring); daily intrinsic rate of increase (rm); and daily finite rate of increase (λ). Table 1 presents the longevity of 30 couples of S. cosmioides; the longevity of females and males separately; the mean length of pre-oviposition, oviposition, post-oviposition and mean fecundity. Using the data of egg viability (98,966%) from 5,073.533 eggs, the mean fertility was 5,021.027 larvae per female.
Results
The average number of copulations per S. cosmioides female was 1.167 times, while four (13.333%) females did not copulate, fifteen copulated only once (50.000%), seven copulated twice (23.333%) and four copulated three times (13.333%). The fecundity was positively correlated with the number of copulations (r = 0.583, P <0.001). However, the number of copulations was negatively correlated with the duration of the pre-oviposition period (r = -0.560, P = 0.007), oviposition period (-0.479, P = 0.048) and longevity (r = -0.512, P = 0.003).
The mean daily number of eggs from unfertilized females was smaller than from females that were fertilized one or more times (Figure 1) . The pre-and oviposition periods were significantly longer in females that were not fertilized (Figures 2, 3 ). Such differences were responsible for the significantly increased longevity of unfertilized females with respect to fertilized females ( Figure 4) . Fecundity was positively affected by the number of matings, since unfertilized females oviposited less than half the number of eggs produced by fertilized females, with significant differences between unfertilized females, and those that had been fertilized once and twice ( Figure 5) .
The biotic potential, calculated from the equation BP = (sr*d) n -er BP = (0.505 x 4,535.685) 6.493 -0, was 6.547 x 10 21 individuals per female per year. The calculation of the sexual ratio (0.505) was based on the 137 immature females and 134 immature males that reached the pupal stage. On average, each female oviposited 5,073.533 eggs, and the overall survival was 89.399% (see , resulting in 4,535.687 viable individuals per female/period. The average duration of the life cycle (egg to adult dead) was 54.828 days [longevity and immature period of Specht and Roque- ], corresponding to 6.493 generations per year (n), considering the environmental resistance as null.
The maximum rate of population growth occurred between days 42 and 46, during the 6/7th week of life, Comparisons of male and female mean longevity using a Student t-test, considering different variances, at 5% level of significance (ns -p = 0.064).
Figure 1. Daily mean number of eggs oviposited by
Spodoptera cosmioides, individuals that did not mate (n = 4), mated once (n = 15), twice (n = 7) or three times (n = 4). One couple per cage at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase.
Figure 2.
Pre-oviposition period of Spodoptera cosmioides, individuals that did not mate (n = 4), mated once (n = 15), twice (n = 7) or three times (n = 4). One couple per cage at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase. Means followed by the same letter are not statistically different from each other by Tukey test, at 5% probability.
represented by the intersection of the specific survival and fecundity lines ( Figure 6 ). This rate is shifted towards the beginning of the adult phase, especially driven by the higher fertility and lower mortality of immature individuals, soon after emergence. The net reproductive rate (Ro) was 2,193.722 females per generation, the mean generation time (T) was 46.407 days, the daily intrinsic rate of increase (rm) was 0.166 and the daily finite rate of increase (λ) was = 1.180.
Discussion
The total life cycle of S. cosmioides (54.828 days) considering the data of immatures 41.061 ) and the longevity of adults (Table 1) is consistent with previous findings for same species when reared under similar environmental conditions and artificial diet (Bavaresco et al., 2004) . The total duration of the life-cycle of S. cosmioides (male forewing length 16-20 mm) in this study was almost ten days less than reported for S. dolichos (Fabricius, 1794) (male forewing length 18-21mm) (Montezano et al., 2015 , which is a little larger in size than S. cosmioides. However, S. cosmioides lived much longer than smaller species raised under the same conditions, such as S. albula (male forewing length 10-14mm) and S. eridania (male forewing length 13-15mm) (Montezano et al., 2013a (Montezano et al., , b, 2014a . Similarly, the life cycle of S. cosmioides was slightly longer than that of S. frugiperda (J.E. Smith, 1797) (male forewing length 10-15mm) in similar conditions of diet and temperature (Busato et al., 2006) .
The negative correlation between the number of matings (specially with mated and non-mated females) Figure 6 . Relation between specific fertility (mx) and survival rate (lx) of Spodoptera cosmioides reared on an artificial diet at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase.
Figure 3.
Oviposition period of Spodoptera cosmioides, individuals that did not mate (n = 4), mated once (n = 15), twice (n = 7) or three times (n = 4). One couple per cage at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase. Means followed by the same letter are not statistically different from each other by Tukey test, at 5% probability.
Figure 4.
Longevity of Spodoptera cosmioides, females (dark bars) and males (empty bars), individuals that did not mate (n = 4), mated once (n =15), twice (n = 7) or three times (n = 4). One couple per cage at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase. Means followed by the same letter are not statistically different from each other by Tukey test, at 5% probability.
Figure 5. Mean number of eggs laid by
Spodoptera cosmioides, individuals that did not mate (n = 4), mated once (n = 15), twice (n = 7) or three times (n = 4). One couple per cage at 25 ± 1 °C, 70 ± 10% RH and a 14 hour photophase. Means followed by the same letter are not statistically different from each other by Tukey test, at 5% probability. versus pre-oviposition, oviposition periods and female longevity (Figures 2-4) , reinforces the need to account the spermatophore number in reproductive studies (e.g., Rogers and Marti Junior, 1997; Montezano et al., 2013b Montezano et al., , 2014a Montezano et al., , 2015 .
The average longevity of S. cosmioides adults in this study (Table 1) , when compared with the duration of the immature stages (41.061 days) , corresponds to 25.104%, or more than one-fourth of their entire life cycle. These results are similar to those obtained for S. albula (28.324%) (Montezano et al., 2013a (Montezano et al., , 2014a and S. eridania (24.495%) (Montezano et al., 2013b (Montezano et al., , 2014b and above those obtained for S. dolichos (20.507%) (Montezano et al., 2015 under the same conditions.
The average number of matings of S. cosmiodes females is similar to what was described for S. albula, S. dolichos and S. eridania (Montezano et al., 2013b (Montezano et al., , 2014a (Montezano et al., , 2015 reared under the same conditions. The absence of mating in some S. cosmioides couples owes to the fact that only one pair was maintained in each cage. Insects that are maintained in pairs sometimes do not mate (Murúa et al., 2008; Montezano et al., 2013b Montezano et al., , 2014a Montezano et al., , 2015 , whereas insects that are maintained in larger mixed groups of males and females often do (Milano et al., 2008; . Thus, it was expected that a greater number of S. cosmioides individuals per cage would also increase the number of copulations and decrease the time between generations.
The positive correlation between the number of copulations and fecundity obtained in this study, and which was also observed in S. albula, S. dolichos and S. eridania (Montezano et al., 2013b (Montezano et al., , 2014a (Montezano et al., , 2015 , reinforces the relationship between the number of copulations and population numbers. In this way, the number copulations positively influence two important parameters in the development of the adult: fecundity (and fertility by extension) and decrease in time between generations.
The pre-oviposition period (Table 1) of S. cosmioides, especially in fertilized females (Figure 2) , indicates that this species, as it is the case of S. dolichos (Montezano et al., 2015) , spends at least one more day in it than S. albula and S. eridania (Montezano et al., 2013b (Montezano et al., , 2014b under the same conditions. Ultimately, the sexual maturity of S. cosmioides occurs soon after emergence, as in other representatives of Spodoptera (e.g. Habib et al., 1983; Tisdale and Sappington, 2001; Busato et al., 2006; Montezano et al., 2013a Montezano et al., , 2014b Montezano et al., , 2015 . Our results indicate that the initial fertilization period of S. cosmioides must be between the second and third days after emergence. However, the onset of oviposition, at least in the first days after emergence, is conditioned by the occurrence of the first mating, as described for S. exigua (Rogers and Marti Junior, 1994) , S. eridania (Montezano et al., 2013b) , S. albula (Montezano et al., 2014a) and S. dolichos .
The fertility of S. cosmioides was highly variable, with approximately 5,000 eggs per female (Table 1) , when considering adults from pupae of average weight.
These results are similar to those obtained for the same species reared under similar conditions of temperature and the following diet: similar larval diet and adults fed 10% honey solution (4,844.4 eggs/female) (Bavaresco et al., 2004) . Fertility in this species was much higher than in S. albula and S. eridania reared under the same conditions (Montezano et al., 2013b (Montezano et al., , 2014a . It was also higher than observed in S. dolichos reared under the same conditions (Montezano et al., 2015) and S. frugiperda reared under similar conditions of temperature and diet (Busato et al., 2006) , and S. littoralis (male forewing length 12-16 mm (Sorour et al., 2011) .
The fertility of females was influenced by fertilization ( Figure 5) , consistent with observations on other species of Spodoptera reared under the same conditions (Montezano et al., 2013a (Montezano et al., , 2014b (Montezano et al., , 2015 . It is worthy highlighting that S. cosmioides females that mated one or more times (5,667.083 ± 1,277.452) laid 4.662 times more eggs than females that did not mate (1,215.501 ± 594.383) .
The viability of eggs (99.000%) of females that had one or two spermatophores was high. This percentage agrees with the 94.500, 97.800% and 97,500 observed for fertilized females of S. albula, S. eridania and S. dolichos, respectively, under the same conditions (Montezano et al., 2013b (Montezano et al., , 2014a (Montezano et al., , 2015 . This observation agrees with studies on representatives of the genus Spodoptera, for which it has been demonstrated that multiple matings are positively correlated with reproductive capacity and fertility (Kehat and Gordon, 1975; Sadek, 2001; Sadek and Anderson, 2007; Milano et al., 2008; .
Despite the high fecundity and fertility (Table 1) , the biotic potential (6.547 x 10 21 individuals/female/year) of S. cosmioides was comparable to that observed for S. albula and S. eridania; and it was higher than that observed for S. dolichos, under the same conditions (Montezano et al., 2013a (Montezano et al., , 2014b (Montezano et al., , 2015 . This value was positively influenced by the high value of net reproductive rate (Ro) 2,193.722 females per generation, but negatively influenced by the long duration of the life cycle, represented by a mean generation time (T) of 46.407 days. This relationship results in that the daily intrinsic rate of increase (rm = 0.166) and the daily finite rate of increase (λ = 1.180) were similar to those observed for S. albula and S. eridania under the same conditions (Montezano et al., 2013a (Montezano et al., , 2014b .
Our results, when compared with previous studies on other species of the genus (e.g., Busato et al., 2006; Montezano et al., 2013a Montezano et al., , b, 2014a Montezano et al., , b, 2015 Montezano et al., , 2016 , indicate that larger Spodoptera species take longer to develop and have higher fecundity. This means that the longer developmental period of larger species such as S. cosmioides (present study, Bavaresco et al., 2004) and S. dolichos (Montezano et al., 2015 would be compensated by an increase in fecundity, which does not happen in smaller species, such as S. albula (Montezano et al., 2013a) , S. eridania (Montezano et al., 2014b) and S. frugiperda (Busato et al., 2006) .
The maximum rate of population increases of S. cosmioides (Figure 6 ) happens in the beginning of the adult stage, especially driven by the higher fertility and low mortality of the immature individuals shortly after emergence. These observations are similar to those reported in other studies conducted with representatives of Spodoptera, in which the highest fertility values were observed during the first days of the adult life (Kehat and Gordon, 1975; Sadek, 2001; Bavaresco et al., 2004; Murúa and Virla, 2004; Busato et al., 2006; Montezano et al., 2013b Montezano et al., , 2014a Montezano et al., , 2015 .
The data presented in this study demonstrate that a reduction, or delay, in the number of matings negatively influences the population parameters of S. cosmioides. These results highlight the relevance of studies on the identification and use of pheromones of S. cosmioides (e.g. Teixeira et al., 1989 Teixeira et al., , 1993 Silvain and Lalanne-Cassou, 1997) to delay or prevent mating in nature, or as a mating disruption agent (Carde and Minks, 1995) , as a strategy for the integrated management of this pest species.
